The histidine 115-histidine 134 dyad mediates the lactonase activity of mammalian serum paraoxonases.
Serum paraoxonases (PONs) are calcium-dependent lactonases that catalyze the hydrolysis and formation of a variety of lactones, with a clear preference for lipophilic lactones. However, the lactonase mechanism of mammalian PON1, a high density lipoprotein-associated enzyme that is the most studied family member, remains unclear, and other family members have not been examined at all. We present a kinetic and site-directed mutagenesis study aimed at deciphering the lactonase mechanism of PON1 and PON3. The pH-rate profile determined for the lactonase activity of PON1 indicated an apparent pK(a) of approximately 7.4. We thus explored the role of all amino acids in the PON1 active site that are not directly ligated to the catalytic calcium and that possess an imidazolyl or carboxyl side chain (His(115), His(134), His(184), His(285), Asp(183), and Asp(269)). Extensive site-directed mutagenesis studies in which each amino acid candidate was replaced with all other 19 amino acids were conducted to identify the residue(s) that mediate the lactonase activity of PONs. The results indicate that the lactonase activity of PON1 and PON3 and the esterase activity of PON1 are mediated by the His(115)-His(134) dyad. Notably, the phosphotriesterase activity of PON1, which is a promiscuous activity of this enzyme, is mediated by other residues. To our knowledge, this is one of few examples of a histidine dyad in enzyme active sites and the first example of a hydrolytic enzyme with such a dyad.